As well as for Sub-Saharan Africa, solar energy presents many relevant standalone applications for remote populations of the Republic of Djibouti. Therefore, in order to estimate the significance and the distribution of the solar resource throughout the country, we have retrieved the first hourly global irradiation maps of the country, at 0.05
• Words in text = 6338
• Words in headers = 170 
A(R)
Atmosphere SSI 
E 0 ν(j)cosθ z T a
Radiance reflected to the satellite
L(θ z ,θ,Φ)
Clear sky transmittance (C) Radiometer count
C(L)
Cloud factor Sun-surface transmittance 3 km at nadir to about 5 km near Djibouti (Müller, 2010; Schmetz et al., 2002) . The nominal acquisition cycle of an image by 72 SEVIRI lasts 15 minutes and consists in scanning, for 12 minutes, the Earth disk, line by line, from east to west and south to 73 north, and in calibrating and retracing to its initial position the scan mirror (3 minutes). widely described in a literature intended to final users (Brisson et al., 1999; Météo-France, 2005) . We therefore only present 79 here the main steps of the complete process described in Figure 1 . 
87
To model interaction of the solar radiation with atmosphere, the SSI process is based on previous studies where atmosphere 88 is divided in 2 layers in order to dissociate scattering effects occurring in the clear sky and in the cloud layer (Frouin and 89 Chertock, 1992). As a result, the global solar radiation reaching the ground G, or SSI, can be expressed by the product 
(1) Brisson et al. (1999) have adapted this model by differentiating clear sky and cloudy sky cases:
Where T 1 is the sun-surface atmospheric transmittance without multiple reflections between the surface and the lower 94 layers of the atmosphere (consistent with T a ), and T cl is the cloud factor taking into account all the effects resulting of the 95 interaction of the radiation with the cloud layer (transmittance and multiple reflections). 
Therefore, the solar radiation reaching the Earth for any day of the year is retrieved by performing the product of the solar 114 constant and the sun-earth distance correction factor ν( j), which only depends on the Julian day j:
At last, the TOA solar radiation on a horizontal plane G 0 represents the solar flux E 0 ν( j) reaching a horizontal surface with 116 a specific zenith angle θ z , angle between the local zenith and the radiation direction:
Clear sky transmittance

118
In order to differentiate the clear sky from the cloudy sky transmittance computation, a final SSI pixel is regarded as procedure is finally applied when the cloud cover is lower than 10 %.
122
The clear sky transmittance calculation is independent from the satellite observation and is directly derived from the ana- angle θ z (Briegleb et al., 1986) ; it is derived from a monthly atlas for "land" pixels and theoretically calculated for "sea" pixels,
130
which will later explain some results of the comparison with ground measurements. The cloudy sky transmittance computation consists in determining the cloud factor T cl , which is computed with respect 133 to the planetary or TOA albedo retrieved from the satellite measure. Every pixel of the satellite image is a 8 bits digital 134 count which is converted in a radiance value using specific calibration coefficients (Brisson et al., 1999) . At present time, by the visible channel of SEVIRI divided by the solar constant convoluted with the radiometer's spectral response F 0 :
F 0 ν( j) cos θ z represents therefore the TOA irradiance on a horizontal plane in the SEVIRI channel spectrum, so the spectral 140 response specific reflectance or narrowband reflectance R nb is given by:
The broadband reflectance R, corresponding to the whole solar spectrum (0.3 − 4 µm), is then derived from the Pinker and
142
Laszlo (1992) formula:
Where M and B are specific coefficients depending on the pixel's surface and cloudiness. R is bidirectional, which means 144 it depends on both sun and satellite's viewing angle, defined by the solar zenith angle θ z , the satellite zenith angle θ and the 145 sun-satellite relative azimuth angle Φ. The TOA albedo A is retrieved by correcting this anisotropy with the anisotropy factor 146 f aniso developed by Manalo-Smith et al. (1998) , which is pixel's surface and cloudiness dependent:
Finally, the cloud factor T cl is expressed as the product of a transmittance term T c , representing absorption and reflection 
The backscattered part depends on the surface albedo A s , the cloud albedo A c and the atmospheric transmittance under the 151 cloud T bc regarded as constant. The transmittance T c is directly derived from the cloud albedo and the cloud absorption factor 152 m which is considered constant:
The cloud albedo is derived from the planetary albedo which takes into account the fraction of the incident radiation 154 reflected by the clear atmosphere (Rayleigh albedo A ray ), the one reflected by the cloud cover (A c ) and the one reflected by the 155 surface (A s ). As it is also dependent on the atmospheric transmittance and the backscattering effect, the TOA albedo is finally 156 defined by the following expression (Brisson et al., 1994 (Brisson et al., , 1999 :
T 2 and T 2 are respectively the sun-cloud-satellite transmittance and the sun-surface-satellite transmittance computed like 158 the transmittance T 1 using the formalism of Brisson et al. (1994) . The resolution of this equation permits to retrieve A c and
159
T c , and thus the cloud factor T cl from the relation (12). 
Time resolution and processing time period
180
The time resolution of the solar atlas was directly dependent of the SSI time step, so we have developed an atlas composed 181 of hourly irradiation maps.
182
The specific solar climate tendency we can extract from the atlas also depends on which time period the database is 183 retrieved for: an interval too short doesn't allow to cover all climate notable features, while an interval too long can also (equation (2)), which means interpolating the solar radiation G would be interpolating on both the transmittance and the TOA 201 radiation G 0 even though this last one is perfectly known (equation (5)). In order to avoid adding a bias into the calculation,
202
we have therefore considered the interpolation of only the transmittance terms T a and T 1 T cl , by using the clearness index k t it is then possible to compute the new solar irradiation map database using integration. In order to achieve that, it is also 218 necessary to know the daily boundaries of the solar irradiance, i.e. the sunrise and sunset corresponding times. is given by:
Where α 0 is the right ascension and ν 0 the apparent sidereal time at Greenwich at 0:00 UTC, and λ the geographic 224 longitude. Also, the corresponding hour angle ω 0 is retrieved using equation (16) and the declination at 0:00 UTC δ 0 :
Where θ 0 z is the solar zenith angle corresponding to the sun position at sunrise and sunset, considered equal to 90.8333 Hourly and daily irradiation I is retrieved by integrating G between sunrise and sunset.
Deploying a temporary network of weather stations
241
The quality of the solar irradiation atlas is directly dependent of SSI data computed by the OSI SAF model. accessible (no data transmission), which means we had to target at public facilities like schools or administrative buildings.
260
We have finally selected 4 sites meeting these conditions, which are described by Figure 4 and detailed in derived from the whole interpolated SSI database by integrating radiation between sunrise and sunset (see section 3.4.2).
286
Because of the relative limited measurement period and the inherent structure of the solar atlas, we have based our sta- both measurements and estimates were existing, in order to avoid adding a bias into the correlation coefficient computation.
292
In the same way, hourly measurements have been retrieved from meteorological data corresponding to the time period of the 293 estimates, and then summed to recover daily and monthly values. the root mean square error (RMSE), the mean bias error (MBE) and the correlation coefficient (CC):
As well as their relative contribution, respectively the relative root mean square error (RRMSE) and the relative mean bias 298 error (RMBE):
Where x i is the ith measured value, x i the ith estimated value,x the measured mean value,x the estimated mean value 300 and n the sample size. keep the monthly time step as a climate indicator for scatter plots described later.
Results
302
311
Globally, we can note that:
312
• the best results are retrieved for the site 2 with, daily and hourly respectively, a maximum RRMSE of 5.98 % and 12.38 % and a minimum correlation coefficient of 0.9300 and 0.9566;
314
• the daily relative error is still lower or equal to 8 % while the daily correlation coefficient is still greater or equal to 0.89;
315
• if the hourly correlation is approximately constant for all the sites, sites 2 and 4 present better daily correlation than • the model slightly overestimates irradiation for sites 2, 3 and 4 and slightly underestimates irradiation for site 1;
318
• interpolation performed to fill erroneous and missing data in the original SSI dataset doesn't strongly modifies accuracy.
319
Thus, daily RRMSE and correlation coefficient stay constant while hourly relative error slightly increases (≈ +2 %).
320
Furthermore, the increase of the hourly correlation coefficient, as well as the decrease of the bias, is not really relevant since it is mainly related to the growth of estimates near sunrise and sunset. corresponds to a SSI pixel where surface is both "land" and "sea", which can also influence the accuracy of the surface albedo 328 into transmittance calculation (see section 2.3.4).
329
Scatter plots corresponding to the whole solar atlas (interpolated dataset) are presented in Figure 5 . They confirmed the 330 previous results with a globally good correlation and accuracy between estimates and in situ measurements, where the scatter 331 plot of site 2 is therefore the less dispersed around the 1:1 line for every time step. In addition to the it is interesting to note that estimates still remain consistent with the ground data. Atlantic, near Djibouti's latitude, has exposed hourly RRMSE, RMBE and correlation coefficient between 12.9 % and 22.4 %, 
Methodology
364
Because of the apparent motion of the sun around the Earth, the year is the period of a climate cycle. In order to figure   365 out the solar irradiation behavior over a specific area, it is therefore necessary to evaluate the resource over several years and Firstly, the yearly map tells us the solar resource is globally substantial and also relatively consistent throughout the 378 country, which is confirmed by the high average (5.92 kWh/m 2 day) and the low standard deviation (0.216 kWh/m 2 day). Moreover, we can note the region is split into 2 distinct solar potential zones: on the one hand, the south-east and north-east is also visible in Table 3 In conclusion, the irradiation reaching the country is particularly high, as well as spatially and temporally consistent. an alternative for centralized power supply, the numerous standalone applications of solar energy make it really reliable for 402 supplying rural areas. We have therefore developed a satellite-based solar atlas in order to assess both the significance and the 403 spatiotemporal distribution of the solar resource throughout the country.
404
The lack of ground measurements has made necessary the use of a satellite-derived model. with a daily mean irradiation of 5.92 kWh/m 2 day. The resource is moreover spatially and temporally consistent, presenting
